Background: Anemia and iron deficiency are universal problems in patients with chronic kidney disease (CKD). However, decisive indicator to guide the further gastrointestinal (GI) workup has not been determined. Methods: We included 104 anemic patients with nondialysis-dependent CKD stages 3-5 (38 patients at stage 3, 26 patients at stage 4, and 40 patients at stage 5). Hemoglobin, serum ferritin, transferrin saturation (TSAT), mean corpuscular volume (MCV), and corrected reticulocyte count data were assessed to evaluate diagnostic utility for bleeding-related GI lesions, which were identified by esophagogastroduodenoscopy and colonoscopy. Results: Bleeding-related GI lesions were found in 55 (52.9%) patients, and patients with stage 5 CKD had a higher prevalence of gastric lesions than patients with CKD stage 3 or 4 (all p < 0.05). The areas under the receiver operating characteristic curves used to predict bleeding-related lesions were 0.69 for TSAT (p = 0.002) and 0.61 for serum ferritin (p = 0.085). The sensitivity and specificity of a cutoff value for TSAT < 20% were 0.59 and 0.74, respectively. Hemoglobin, MCV, and corrected reticulocyte levels had no significant diagnostic utility. On multivariable logistic regression, the chance of GI lesions increased by 6% for each 1% reduction in TSAT and increased 4.1-fold for patients with CKD stage 5 (all p < 0.05). Conclusions: TSAT is a useful indicator for determining the GI workup in anemic patients with nondialysis-dependent CKD stages 3-5. Stage 5 CKD is independently associated with bleeding-related lesions and TSAT should be used cautiously in these patients.
Introduction
Anemia is a universal problem in patients with chronic kidney disease (CKD), contributing to a poor quality of life and increasing the risk of cardiovascular events (1) (2) (3) . Iron depletion predominantly contributes to anemia and the correction of insufficient iron levels is an integral part of anemia management (4) (5) (6) (7) . Iron deficiency in hemodialysis patients results from blood retention in the dialysis circuit, frequent blood Ivyspring International Publisher testing, access bleeding, and surgical blood loss. Although iron deficiency is also a common disorder in patients with CKD stages 3-5 not undergoing dialysis therapy, most of these factors are either not present in these patients or are present to a lesser degree (6) (7) (8) (9) . Therefore, a diagnosis of iron deficiency anemia should entrain an evaluation of any sources of blood loss.
In patients without renal dysfunction, serum ferritin < 15 ng/mL is the most powerful indicator of iron deficiency (10) . Low levels of serum iron, increased total iron-binding capacity, and transferrin saturation usually appear to be associated with iron deficiency anemia and hypochromasia, together with an increased reticulocyte count (11) . In this setting, iron deficiency is presumed to result from gastrointestinal (GI)-tract blood loss, so upper and lower GI studies should be considered, unless there is a history of significant overt non-GI blood loss (12, 13) . However, there is little information about the decisive indicators that can guide the further diagnostic GI workup in patients with CKD. There have also been few comparative studies of peripheral iron, red blood cells, and reticulocyte indices in the prediction of bleeding-related GI lesions.
Therefore, we evaluated the diagnostic utility of peripheral iron, red blood cells, and reticulocyte indices for bleeding-related GI lesions. We looked for useful indicators that can guide the GI workup in anemic patients with nondialysis-dependent CKD stages 3-5, and also interested in establishing critical information about the diagnostic utility of these indicators in different stages of CKD.
Materials and Methods

Patients and selection criteria
This study was approved by the Institutional Review Board of our centers (XC12RIMI0032D). We identified 142 anemic patients with nondialysis-dependent CKD stages 3-5 at Daejeon and Yeouido St. Mary`s hospital from February 2005 to December 2011, who were naïve for iron and erythropoiesis-stimulating agents and had undergone both esophagogastroduodenoscopy (EGD) and colonoscopy. Anemia was defined as a serum hemoglobin concentration < 12.0 g/dL for women and < 13.5 g/dL for men. The estimated glomerular filtration rate, calculated using the abbreviated Modification of Diet in Renal Disease formula, was used for CKD staging (14) . All premenopausal women eligible for this study were referred to an obstetrician/gynecologist, and we identified no definite bleeding lesions among them.
Patients with recent blood transfusions (n = 1), active infectious conditions (n = 17), obvious sources of active GI bleeding (n = 4), cancer (n = 5), iron overload (ferritin > 800 ng/mL, n = 6), hematological disease affecting anemia (n = 4), or liver cirrhosis (n = 1) were excluded. No patient had severe hyperparathyroidism (intact parathyroid hormone > 800 pg/mL). Finally, a total of 104 anemic patients with CKD stages 3-5 were enrolled in this study.
Laboratory measurements
We examined the hematological and biochemical variables that had been recorded within three months of the index EGD and colonoscopy. The examined data included the demographic data, hemoglobin, hematocrit, serum ferritin, serum iron, total iron-binding capacity, mean corpuscular volume (MCV), mean cell hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), and reticulocyte count. The transferrin saturation (TSAT) index was calculated as the percentage of serum iron in the total serum iron-binding capacity. The corrected reticulocyte count was calculated as the reticulocyte count multiplied by the hematocrit, divided by 45.
Definition of bleeding-related GI lesions on EGD and colonoscopy
We investigated the EGD and colonoscopy findings for each patient, which had been made within three months interval. All EGD and colonoscopy procedures were performed either by gastroenterology fellows with a gastroenterologist present or by a gastroenterologist alone. Informed consent was obtained from all patients before EGD and colonoscopy. The EGD findings considered to be important sources of GI blood loss included: esophagitis with erosions or ulceration involving at least 5 mm of the mucosal surface of the esophagus; multiple erosive gastritis or duodenitis; severe hemorrhagic gastritis/duodenitis; gastric or duodenal ulcers larger than 0.5 cm in diameter; carcinoma; angiodysplasia; portal hypertensive gastropathy; gastric polyps of more than 1 cm in diameter; and single angioectasias larger than 8 mm in diameter or more than two angioectasias 5 mm in diameter. Hiatal hernia and esophageal varices were not considered to be sources of blood loss. The following lesions were considered to be sources of GI blood loss on colonoscopy: colorectal cancer; one or more polyps more than 1 cm in diameter; colonic ulcer; active colitis; inflammatory bowel disease; and vascular ectasia (as described above). Hemorrhoids and diverticula were not considered to be sources of GI bleeding (15) (16) (17) (18) (19) .
Statistical analyses
The data are expressed as the mean  SD unless otherwise indicated. Differences in continuous variables were compared using a t test or ANOVA, and differences in categorical variables were compared using a  2 test. Receiver operating characteristic (ROC) curves were created with bleeding-related lesions in the GI tract (present versus absent) as the dichotomous variable and peripheral iron indices and hematological variables as the continuous variables. The effect of combining TSAT and serum ferritin was also tested by analysis of the ROC curve (20) . A univariate analysis followed by multivariate binary logistic regression was used to analyze the relationships between GI lesions and the relevant parameters. A p value < 0.05 was considered statistically significant, and the statistical analysis was performed using the SPSS v.16.0 software package (SPSS Inc., Chicago, IL).
Results
Patient characteristics
CKD severity was stage 3 in 38 (36.5%) patients, stage 4 in 26 (25.0%) patients, and stage 5 in 40 (38.5%) patients. The baseline demographic and clinical characteristics of the study subjects, stratified by CKD stage, are listed in Table 1 . Age, proportion of males, body size and baseline laboratory data did not differ between the three CKD stages. However, hemoglobin, hematocrit and serum ferritin was significantly different between patients with CKD stage 3 and with CKD stage 5.
Bleeding-related GI lesions on endoscopy
Of the total patients, 55 (52.9%) had lesions consistent with GI bleeding, and upper GI lesions (esophageal, gastric and duodenal lesions) were identified in 41 patients (39.4%) ( Table 2 ). The stomach was the most frequently involved site and erosive gastritis was the most common lesion. The prevalence of esophageal and duodenal lesions did not differ between the patients with CKD stages 3-5. However, gastric lesions were found more frequently in patients with CKD stage 5 than in patients with CKD stage 3 or 4. Colonic lesions were identified in 24 patients (23.1%). The most common lesion was a colonic polyp of more than 1 cm. The prevalence of colonic lesions did not differ between patients with CKD stages 3-5 (p = 0.535). 
Diagnostic utility of iron indices and hematological variables for bleeding-related GI lesions
ROC curves were plotted to evaluate the diagnostic utility of peripheral iron, red blood cell, and reticulocyte indices for any endoscopic lesion consistent with blood loss (Figure 1 ). The area under the ROC curve (AUC) for TSAT was 0.69 (95% confidence interval (CI), 0.57-0.78) and was significantly higher than the indeterminate value of 0.5 (p = 0.002). The best cutoff threshold of TSAT for GI lesions was 21.0% (sensitivity, 0.67, specificity, 0.72) and the odds ratio for this cutoff value was 2.39. The AUC for serum ferritin was 0.61 (95% CI, 0.50-0.71), with marginal statistical significance (p = 0.085). The combination of TSAT and serum ferritin had an AUC of 0.70 (95% CI, 0.59-0.80, p = 0.001). We also evaluated the diagnostic accuracy of hemoglobin, corrected reticulocyte count, MCV, MCH, and MCHC levels in identifying anemic GI lesions, but none of these variables had a significant AUC value.
To estimate the clinically relevant thresholds for TSAT, serum ferritin, and their combination, the sensitivity, specificity, and positive and negative predictive values of these indices were calculated for different cutoff levels (Table 3) . Several cutoff values for TSAT and serum ferritin yielded a reasonable trade-off between sensitivity and specificity. The sensitivity and specificity achieved with a cutoff value for TSAT < 20% were 0.59 (95% CI, 0.42-0.74) and 0.74 (95% CI, 0.59-0.87), respectively. For the combination of TSAT and serum ferritin, cutoff values of TSAT < 20% or serum ferritin level < 75 ng/mL provided useful diagnostic accuracy, as follows: sensitivity 0.68 (95% CI, 0.51-0.81), specificity 0.70 (95% CI, 0.53-0.82), positive predictive value of 0.68 (95% CI, 0.51-0.81), and negative predictive value of 0.70 (95% CI, 0.53-0.83).
Impact of CKD stage 5 on prediction for bleeding-related GI lesions
We used multivariable logistic regression to evaluate the independent predictors for bleeding-related GI lesions. The final model included TSAT, serum ferritin, and stage 5 CKD (Table 4) . TSAT and stage 5 CKD made a significant contribution to the detection of bleeding-related GI lesions. The chances of GI lesions increased by 6% for each 1% reduction in TSAT, and patients with CKD stage 5 had a 4.1-fold greater risk of endoscopic lesions than that of patients with CKD stages 3 and 4.
We compared the diagnostic usefulness of a cut-off value for TSAT of < 20% between patients with CKD stages 3-5 ( Figure 2) . The specificity and positive predictive value were both in the range 0.65-0.75, and did not differ between stages CKD 3-5. However, the sensitivity and negative predictive value were poor in patients with CKD stage 5 (0.47 and 0.50, respectively), and were significantly lower than those of patients with CKD stage 3 (p = 0.032 for sensitivity and p = 0.034 for negative predictive value). Figure 2 . Comparison of diagnostic utility of cut-off value TSAT < 20% between patients with CKD stages 3 to 5. The sensitivity and negative predictive value was significantly lower than those of patients with CKD stages 3. *P < 0.05 vs. CKD stage 3.
Discussion
This study was a diagnostic evaluation of peripheral iron indices and hematological variables for predicting GI lesions consistent with blood loss. We demonstrated that TSAT is a useful and independent predictor of anemic endoscopic lesions, but the other variables showed no significant diagnostic utility. Our study also indicated that patients with CKD stage 5 showed higher prevalence of gastric lesions than patients with CKD stage 3 or 4.
Several previous reports have indicated that upper GI inflammation is prevalent in patients with dyspeptic renal failure (21, 22) . In our study, 40% of patients were identified with bleeding-related upper GI lesions, and multiple gastric erosions and duodenal ulcer were the most frequent lesions. In addition, we found that gastric lesions were more frequent in patients with CKD stage 5 than in patients with CKD stage 3 or 4. These findings suggest the relationship between uremia levels and GI mucosal injury, and some research has also indicated that GI bleeding is attributable to the effects of uremia on the GI mucosa (23, 24) . GI blood loss is closely associated with iron deficiency anemia, and the typical markers of iron deficiency assessed in CKD patients were serum ferritin and TSAT. Of these, TSAT has some advantages over ferritin in certain respects. TSAT has shown higher sensitivity for iron deficiency than serum ferritin, and using the ratio of the two variables can reduce the effects of noniron-related confounding factors (25, 26) . In the present study, we have demonstrated that TSAT is a useful and independent indicator predicting bleeding GI lesions, but serum ferritin alone did not show significant diagnostic utility. These findings might be associated with the advantages of TSAT in detecting iron deficiency, and we suggest that TSAT is a useful marker in deciding the GI workup.
Proinflammatory cytokines directly increase the synthesis of ferritin, so elevated serum ferritin levels neither rule out iron deficiency nor indicate adequate or elevated iron stores in patients with CKD. However, low levels of serum ferritin are highly specific for iron deficiency in patients with CKD, and low serum ferritin is the most powerful indicator of GI lesions in the general population (10, 27) . In our study, the combination of TSAT < 20% or serum ferritin levels < 75 ng/mL increased the sensitivity of the detection of anemic GI lesions by 9% (from 59% to 68%) compared with TSAT < 20% alone. These findings suggest that a low level of serum ferritin is an index that can support TSAT in the determination of a GI workup.
Occult GI blood loss causes hypochromasia, microcytosis, and increased erythropoiesis. Therefore, the values for MCV, MCH, and MCHC decrease and the corrected reticulocyte count increases. However, these variables were not predictive of endoscopically detected bleeding lesions in our study. These findings are thought to be associated with the CKD status of the patient, because the chronic inflammation and erythropoietin deficiency that are prevalent in CKD patients could limit the appropriate red cell changes and reticulocyte increments (28) (29) (30) . Therefore, we suggest that red cell indices and corrected reticulocyte counts are not useful indicators for GI workup for bleeding-related lesions in patients with CKD.
The patients with CKD stage 5 had a 4.1-fold greater risk of bleeding-related lesions according to our multivariable logistic regression analysis. A cutoff value for TSAT of < 20% showed lower sensitivity and a lower negative predictive value in patients with CKD stage 5 than in patients with CKD stage 3, despite their higher bleeding risk. These findings suggest that TSAT is not a useful parameter for detecting anemia-related GI lesions in patients with stage 5 CKD, and that more reliable indicators are needed for these patients. From this perspective, we propose the fecal occult blood test as an indicator for GI workup, because the positive predictive value of a positive fecal occult blood test increases as the severity of CKD increases (31) . Therefore, further studies are needed to demonstrate that combination of fecal occult blood test with iron indices had a better diagnostic accuracy.
Our study had some limitations. First, the practical utility of the indices studied was limited because we did not include patients who were treated with iron or erythropoiesis-stimulating agents. Second, we did not include inflammation markers, such as C-reactive protein or tumor necrosis factor-. Nevertheless, all the variables included in this study are commonly used in day-to-day practice and our results should be useful in clinical decisions about GI workup.
In conclusion, TSAT is a useful indicator in determining the GI workup in anemic patients with CKD stages 3-5. Patients with CKD stage 5 are at greater risk of bleeding-related GI lesions and TSAT should be used with caution in these patients.
